This study is an investigation of the phonetic causes of stressed mid and low vowel raising and diphthongization before single palatal consonants and [jC] sequences in the Early Romance languages, as for example [a] raising in Spanish leche derived from Latin [ˈlakte] 'milk' . The initial hypothesis put to test is that the chances that vowel assimilation applies should increase with the prominence of the anticipatory consonant-to-vowel effects in tongue dorsum raising and fronting and in the second formant(F2) frequency. In accordance with this prediction, vowel assimilatory processes were found to operate most often before [j] + dentoalveolar sequences and single palatals involving maximal dorsal contact in the case of [a] (and to some extent for [ɛ ɔ] as well), and before single palatals rather than before consonant sequences with [j] in the case of [o]. Moreover, assimilation was more prone to affect [ɛ a ɔ o] than the mid high front vowel [e]. The phonetic account of vowel raising and diphthongization reported in the present study complements other explanatory proposals based on chronological and etymological factors. It also supports the notion that the categorization of segmental coarticulatory effects as assimilatory increase with coarticulation size, and that the diachronic vowel changes in question occurred at a time when palatal consonants were in the process of gaining stability.
Introduction
An open area of linguistic research is the investigation of the articulatory and acoustic causes of sound change. A promising strategy in this respect involves paying attention to phonetic detail in order to come up with convincing explanations about the phonetic factors which contribute to sound change inception. Within this research framework, the present study deals with those articulatory and acoustic factors which have contributed to the assimilation of stressed [e ɛ a ɔ o] to a following palatal consonant in Early Romance varieties spoken from before the first written documents until about the 13th century. 1 An illustrative example of the assimilatory action in question is the raising of [a] to a mid front vowel before [j] followed by [t] [jt] . See later in this section for the meaning of the term "articulatory blending".
In most Romance languages including the ones reviewed here, the vowels subject to change were generated from Latin as follows: mid high [bj] which may refer to other sequences with a labial consonant such as [mj vj jb] throughout the paper. Stressed vowel raising triggered by [j] in other consonant sequences will not be subject to investigation (Sp. vidrio VĬTREU, propio PRŎPRIU). Moreover, the study deals with contextual single consonants and consonant sequences following immediately the target vowel, which is why the descendants for NERVIU and FORTIA are excluded from analysis (see Section 2.6.1.2).
The vowel shifts which will be subject to investigation in the present study include essentially raising processes: mid high vowels shifted to high vowels ([e] 
> [i]; [o] > [u]), low [a] to a mid front vowel, and mid low vowels to mid high vowels ([ɛ] > [e]; [ɔ] > [o]) or else to high vowels through an intermediate rising diphthong ([ɛ] > [jɛ] > [je] > [i]; [ɔ] > [wɔ] > [wo] > [o]) (Section 2.3 ).
Sound change data will be reported for Spanish (Sp.), Catalan (Cat.), Occitan (Occ.), French (Fr.), and Portuguese (Port.) and, to a lesser extent, for Italian and Romansh, which provide less clear cut evidence for the implementation of the vowel raising processes of interest. The data presented in this study belong generally to the most representative dialect of the languages into consideration unless other dialects are mentioned explicitly; thus, the French data are mostly from Central Gallo-Romance and the Spanish data from Castilian Spanish.
In contrast with more traditional descriptive accounts, the present study does not treat palatal consonants as a whole but focuses on the role that their individual articulatory and acoustic characteristics play on vowel assimilatory phenomena. Thus, for example, to the extent that a more anterior closure and less dorsopalatal contact for [ʎ] than for [ɲ c ɟ j] accounts for the presence of a lower second formant (F2) frequency in the acoustic spectrum of preceding [a] , the chances that the low vowel may be heard as mid front ought to be also less in the former consonantal context than in the four latter ones. I believe that this methodological approach should provide more realistic explanations for changes in stressed mid and low vowels triggered by palatal consonants than those proposed earlier in the literature (see Section 1.2 ).
Theoretical framework
The general hypothesis put to test in the present study is that vowel raising assimilation to a following palatal consonant is determined by the magnitude of the consonant-to-vowel coarticulatory effects and their perceptual salience. In specific conditions, an enhancement of the partial overlap between the lingual gestures for the vowel and the consonant may yield a categorical change in vowel quality provided that the acoustic output is sufficiently similar to another existing (higher) phoneme in the language (regarding the role of articulatory enhancement in sound change, see Garrett & Johnson 2013) . This view is consistent with available evidence for the gradualness of regular sound change in the case of vowel sounds (Labov 1994) . Other sound changes may be interpreted in a similar fashion. Thus, for example, when becoming very frequent or systematic, a considerable degree of gestural overlap between the nasal and the following oral stop in the cluster / np/ (e.g., Eng. seven peas) may cause the alveolar gesture for /n/ to be heard as /m/ even when the nasal consonant is not articulated with a complete bilabial closure and involves some tongue tip raising.
At the perceptual level, Ohala (1981 Ohala ( , 1990 Ohala ( , 1993 attributes assimilatory processes of this sort to hypocorrection, i.e to the failure on the part of the listener to compensate for the spectral changes triggered by context. Thus, for example, listeners may believe that a raised realization of a low vowel before a palatal consonant is a realization of the phoneme /ɛ/ rather than a contextually conditioned realization of the low vowel phoneme. Consequently they may select a phonological form which differs from the phonological form in the speaker's grammar through a mechanism which has been labeled "Choice" in Evolutionary Phonology (Blevins 2004 ). This perception-based account of assimilatory processes has been shown to operate in several cases. Thus, for example, a fronted high back rounded vowel coarticulated with a dentoalveolar or palatal consonant may be categorized as a front vowel (Harrington, Kleber, & Reubold 2008 , Kleber, Harrington, & Reubold 2011 . Likewise, it has been suggested that phonemic vowel nasalization and vowel harmony may originate from the failure to compensate for spectral changes induced by anticipatory velar lowering in a vowel + nasal stop consonant sequence and by vowel-to-vowel coarticulatory effects, respectively (Beddor, Harnsberger, & Lindemann 2002 , Beddor, Brasher, & Narayan 2007 , Beddor 2009 ). Moreover, crucially for the point being made here, these and other studies reveal that the subjects' failure to compensate for a specific spectral change is determined by the degree of segment-to-segment coarticulation: the larger the coarticulatory effect, the higher the chances that sound change may take place (Grosvald & Corina 2012) . The degree of coarticulation in a given segmental sequence also varies from speaker to speaker, and listeners can be more or less innovative to coarticulatory variations that occur in the acoustic signal (Stevens & Harrington 2014) .
The assimilatory process under analysis in the present investigation took place during a historical period when a new series of palatal consonants which did not exist in Latin gave rise to an entire place of articulation series encompassing different manners of articulation (see Section 2.2 ). It may be hypothesized that vowel assimilation operated at a time when palatal consonants were in the process of gaining stability in line with, among other possible factors, the presence of several noticeable perceptual cues for the palatal consonants in question, i.e., a high F2 locus frequency and prominent VC and CV acoustic transitions in low and back rounded vowel contexts (see Hume & Mailhot 2013 for similar sound change scenarios). This possibility is in agreement with the prediction of self-organizational models of sound change that diachronic changes are prone to apply when the phonological system is in an unstable state and follow a cumulative path (Blevins & Wedel 2009) .
Regarding lexical diffusion, it appears that vowel assimilation to a following palatal consonant in Early Romance proceeded highly systematically across words exhibiting the original contextual conditions (a subset of which will be presented in the Appendix) but did not spread through the entire lexicon nor even through segmental contexts other than those triggering the change. To the extent that frequently used words were also affected it can be hypothesized that the change in question originated in high frequency lexical items since these are most prone to be hypoarticulated (Bybee 2001 , though see Garrett 2015 regarding evidence against this hypothesis).
Previous accounts
Several scholars have attributed the fact that vowel assimilation in Romance occurred before specific palatal consonants rather than before others to chronological factors. Thus, it has been assumed for Old Spanish that a palatal on-glide must have been present not only in [VjC] sequences such as [ajt] derived from [akt] (see above) but also in VC sequences with the single consonants [ʎ ɲ c ɟ j ʃ], and that vowel assimilation was more prone to take place whenever the glide in question stayed for a long time than when it was absorbed early by the following palatal consonant (see among others Menéndez Pidal 1968: 44-50 and Alarcos Llorach 1965 . Problems with the on-glide hypothesis will be identified in Section 2.2 and some assumptions of the chronological approach will be questioned with production data for the VC sequences subject to change. Along the same lines, there have been more recent attempts to account for why vowel assimilation applied or failed to apply based on the chronologically motivated presence vs. absence of [j] in single palatal consonants and [jC] sequences (Barbato 2013) .
It has also been proposed that stressed mid and low vowels failed to undergo certain quality changes before a palatal consonant either because they appeared before an on-glide in a checked syllable (Fouché 1952 (Fouché -1961 or since the consonant was particularly long and forceful (La Chaussée 1982: 38) . As shown later on, however, vowels may be especially prone to assimilate to following syllable-final [j] in a checked syllable (see data for stressed [a] in Section 2.6.1.2) and there is no apparent reason why articulatory reinforcement should result in less rather than more prominent consonant effects on the preceding vowel. One possibility is that, at the time that the process applied in Early Romance and in parallel to present-day Tuscan Italian, the target vowels were located in a checked syllable since the palatal consonant triggers following the vowel were not simple but geminate segments. In contrast with views held in the literature (Loporcaro 2011), I believe that this possibility is not granted by some available data. According to Loporcaro, gemination follows from the fact that palatal consonants could derive from heterosyllabic consonant sequences (e.g., NN, MN, NGe,i > [ɲ] as in some of the etymological sources included in the Appendix) and also from glide hardening in the case of /pj/ (e.g. Occitan and Rhaetoromance sapcha SAPIAT), which implies that these and analogous sequences like /lj nj/ were heterosyllabic. However, the fact that palatal consonants may be traced back to a sequence of two heterosyllabic consonants does not mean that the resulting palatal should be long and that all word-medial consonant sequences evolving into a palatal consonant ought to be heterosyllabic. Rather than being associated with syllable affiliation, palatalization ought to be related to the presence of a large contact area at closure location and behind it if the Latin source is a geminate in cases like NN > [ɲ], or else to gestural blending between two heterorganic consonants produced with a front lingual gesture and a back lingual gesture in the case of changes like N[j], NGe,i > [ɲ] (Section 2.2 ). When the first consonant of a /Cj/ sequence is an oral stop, stop lengthening and/or glide fricativization or affrication result from an increase in intraoral pressure due to glide constriction narrowing induced by adjacency to stress or other factors, which in principle may take place independently of syllable affiliation (Ohala & Solé 2010) . Moreover, had palatal consonants been long in Early Romance it is doubtful that conditioned diphthongization in cases like those discussed in Sections 2.3.3 and 3 (also [e] > oi in dialectal French consoil CONSILIU and vermoil VERMICULU; Sánchez Miret, personal communication) would have taken place since the target vowels would have been too short to undergo lengthening; indeed, it is a well known fact that vowels are shorter before geminates than before non-geminates (Maddieson 1985) . Generally speaking, the approach we take here is that syllables should not be taken as given but subsequent to production mechanisms and detectable changes in the acoustic signal (Ohala & Kawasaki-Fukumori 1997) .
Another earlier proposal is that in the case of specific lexical items vowel inflection could be associated with etymological factors. Thus, for example, the stressed vowel of Fr. truite TRǓ CTA 'trout' and lutte LǓ CTA 'fight' is high front rounded (as in dur DŪRU) instead of high back rounded (as in rouge RǓ BEU) not because the palatal glide [j] (Lausberg 1970 : 252, La Chaussée 1982 . This argument risks being circular however: the quality of the Latin vowel needs to be changed in order to accommodate the phonetic behavior of specific words in a group of Romance languages. In other instances, vowel raising has been attributed to the metaphonic influence of a contextual high vocalic segment present in the same word or to analogical pressures (Menéndez Pidal 1968: 63) .
While these explanatory attempts may be more or less appropriate to explain the implementation of specific sound changes (or why certain changes did not occur), the production-based approach advocated in the present study states that vowel assimilation should be more prone to operate before some palatal consonants than others due to consonant-dependent articulatory characteristics such as degree of dorsopalatal contact and tongue dorsum raising and fronting. The rationale underlying this assumption is that prominent coarticulatory effects involving consecutive phonetic segments in the speech chain may be phonologized by listeners thus giving rise to categorical assimilations (Section 1.1 ). Along these lines, the present study investigates whether the raising of [e ɛ a] to a higher front vowel and of [ɔ o] to a higher back vowel as a function of a following palatal consonant in Early Romance may result from prominent anticipatory tongue dorsum raising effects towards the hard palate.
The remaining sections of the manuscript are organized as follows. Section 2 provides information on vowel assimilation cases which occurred in Spanish, Catalan, Occitan, Portuguese, and French, and explores the extent to which those sound changes were conditioned by the quality of the target vowel and by the articulatory and acoustic characteristics of the following palatal consonant. In order to test the relationship between vowel assimilations and related C-to-V coarticulatory effects, acoustic data for the latter will be subjected to evaluation in the same section. Section 3 complements the findings reported in Section 2 with descriptive data taken from Italian and Romansh. Section 4 discusses the analysis results in relation to a production-based account of vowel assimilation and to theories of sound change.
Early Romance
In order to provide adequate explanations for the vowel assimilation cases subject to investigation, it is convenient to review in some detail the articulatory properties and the Latin origin of the single consonants and consonant sequences which triggered the sound change processes under study.
Articulatory characteristics
The consonants [ʎ ɲ c ɟ j] are often produced with a single laminodorsal articulator simultaneously at the alveolar and palatal zones and thus, in front and behind the alveolar ridge (also Straka 1965) . Moreover, as shown in Figure 1 may not only differ in manner of articulation but also in place of articulation, the oral stops being often more posterior than the nasal stop since a higher intraoral pressure level for the production of a relatively salient burst is required in the case of the former consonants vs. the latter; thus, while all three consonants are alveolopalatal most of the time, [c ɟ] may be purely palatal more often than [ɲ] . The approximant [j] may exhibit a central lingual constriction at the alveolopalatal zone or, as shown in Figure 1 , at the palatal zone. Finally, [ʃ ʒ] (and the corresponding affricates [tʃ dʒ]) are palatoalveolar rather than alveolopalatal and thus articulated most frequently at the back alveolar zone with the tongue blade and possibly the predorsum, and involve a raised tongue dorsum. According to the figure, there is a trend for dorsopalatal contact size for all these consonants to vary inversely with closure or constriction fronting, and thus to be largest for [j] , and larger for [c ɟ] than for [ɲ] and for these three stops than for [ʎ] and [ʃ ʒ]. In spite of the articulatory differences just referred to and for the sake of clarity and simplicity, not only [ʎ ɲ c ɟ j] but also [ʃ ʒ tʃ dʒ] will be often labeled "palatal" in the present study. (Ladefoged & Maddieson 1996) . As for the sequence [jt] , on the other hand, the tongue body may occupy a relatively high position not only for the glide but also for the stop [t] , which may be articulated with full laminal contact at the dentoalveolar zone in this particular case. For the most part palatal consonants were issued from Latin consonant sequences through the articulatory mechanisms described next (see also Wireback 2009 Wireback , 2010 , and their formation must have been completed for the most part by the time that vowel assimilation occurred.
Etymological origin
(i) The consonants [ʎ ɲ ɟ ʃ ʒ] could derive from [lj nj dj sj zj], respectively, through maximal temporal overlap between the dorsal gesture for [j] and the front lingual gesture for the preceding dentoalveolar (see Table 1 .1). In these circumstances, the two gestures blended into a single lingual gesture produced at an intermediate articulatory location encompassing the alveolar and palatal zones (regarding the term "gestural blending", see Browman & Goldstein 1990 . This case may also be considered an instance of progressive palatalization. Sequences with C1 = [j] and a dentoalveolar C2 did not always give rise to a palatal consonant. This is so for the sequence [jɾ] which may have been generated either through the development
era AREA 'area') or after vocalization of the coda consonant in a consonant cluster (Sp. entero, Port. inteiro INTEGRU 'whole'). Unlike the sequences referred to above, the alveolar tap failed to undergo progressive palatalization presumably because this articulatory characteristic does not sit easily on rhotics (Kavitskaya et al. 2009 
It should be stated at this stage that, differently from palatalized dentoalveolars and in contrast with earlier proposals (see Section 1.2 ), the single palatals [ʎ ɲ c ɟ] are not likely to develop an on-glide (see also Lausberg 1970 : 260, Straka 1965 . The reason for this restriction lies in the fact that the F2 transition in VC sequences with those consonants is too short and proceeds too rapidly to be integrated as an independent segment by the listener. 3 A transitory on-glide is more prone to be heard in the case of the palatoalveolar fricative [ʃ] 
Vowel assimilation patterns
Before analyzing in detail the assimilatory effect of palatal consonants on a preceding stressed vowel in Early Romance, it has to be shown that the vowel quality changes of interest have been truly triggered by these contextual consonants and therefore have not operated in other contextual conditions. This section explores this issue with the lexical forms for Spanish, Catalan, Occitan, French, and Portuguese listed in the Appendix. Data for Italian or Romansh will be treated separately in Section 3 given that vowel raising has had a limited impact in the former language and, after being raised contextually, stressed vowels may have regressed to their original quality in Romansh (Lausberg 1970: 255 Fouché 1952 Fouché -1961 [we] , which are the regular mid low vowel outcomes in this language (bien BENE 'well' , cien CENTU 'one hundred' , puerta PORTA 'door' , pues POST 'then'). Thus, as shown in Appendix 3.1, there has been a closing effect of the vowel in medio 'half ' , lecho 'bed' , ocho 'eight' and ojo 'eye' which are pronounced with [e] and [o], though not in viejo 'old' and dueño 'owner' which are produced with [je] and [we] . While philologists have related the presence of a diphthong in viejo VĚCLU to the influence of the co-occurring lexical form with the same meaning viedro VĚTERE (Gulsoy 1997 , Craddock 1980 
Testing hypotheses
The main goal of the present investigation is to explore the extent to which the vowel assimilation patterns associated with a following palatal consonant just described in Section 2.3 have a phonetic basis. The assumption underlying this working hypothesis is that the chances that vowel assimilation applies ought to increase with the prominence of the C-to-V coarticulatory effects in tongue dorsum raising and F2 frequency leading towards a higher vowel realization. Regarding [ɛ ɔ], the relationship between assimilation and coarticulation will be tested essentially for Spanish and Portuguese since, as pointed out in Section 2.3.3, mid low vowels underwent diphthongization before a palatal consonant in the remaining languages.
A first research topic is to ascertain whether the frequency of occurrence of vowel assimilations is conditioned not only by the phonetic characteristics of the consonant but also by those of the target vowel. In particular, if vowel raising is favored by the articulatory and acoustic proximity between the vowel and the following palatal consonant, the prediction is that the process should be most prone to operate on [e] and to a lesser extent on [ɛ] than on low and back rounded vowels since only front vowels are articulated with a dorsopalatal constriction. To the extent that tongue dorsum fronting and raising towards the hard palate is directly related to the F2 frequency (Fant 1960 Depending on the articulatory characteristics of the vowel and the following consonant or consonant sequence, the predictions presented in (i) and (ii) below may be made about the typology and prominence of the C-to-V coarticulatory effects, which ought to be in accordance with the vowel assimilation processes which have taken place historically in Romance. ɔ] ), the chances that the vowel is heard as /u/ ought to be highest before simple palatal consonants involving considerable dorsopalatal contact and thus causing presumably the postdorsal constriction for the vowel to approach the velar zone as the tongue dorsum is raised towards the hard palate; see (i) for consonant-dependent differences in dorsopalatal contact size. It should also be kept in mind in this respect that an increase in dorsopalatal contact at the back palate for [o] before palatal consonants should yield a higher though not more retracted [ɯ]-like realization exhibiting a higher F2 frequency than the vowel in isolation or in a neutral consonantal context (Fant 1960 [jb] , respectively. Three values were assigned to each vowel-consonant combination: 1 to VC combinations showing vowel assimilation in essentially all words; 0 to VC combinations showing no vowel assimilation cases; 0.5 whenever vowel assimilation takes place in at least 25% of the words taken into consideration. The prediction is that vowel shifts ought to be more frequent for some specific VC combinations than for others in ways that are consistent with the hypotheses described in Section 2.4 .
A word needs to be said about the criteria that was applied for building up the database presented in the Appendix. The number of words per vowel, consonant and language is by no means exhaustive but we believe truly representative of the lexical items which have been affected by the assimilatory process. Thus, the database includes common, frequently used words in the language which, as argued in Section 1.1 , indicate that the assimilatory process applied quite extensively in the palatal consonant context condition. Regarding the size of the database, the numbers within parentheses in the bottom tables of Figures 2 and 3 show that the vowel assimilation counts for two factor combinations ("vowel" x "language", "vowel" x "consonant") may be quite high except in a few cases apparently due to lexical restrictions. Thus, excluding [jz] and [bj] , there are less than ten observations in only five out of 30 VC combinations. It should also be noticed that several VC combinations have been assigned a relatively high number of cases in order to account for the fact that they happen to trigger or fail to trigger assimilation fairly often in a particular language (this is so for In order to achieve a better understanding of the relationship between vowel assimilation and coarticulation, acoustic data on C-to-V coarticulatory effects were also recorded and analyzed. F2 values for [e ɛ a ɔ o] were collected in nonsense [VCə] and [VCCə] words with the consonants [ʎ ɲ ɟ j ʃ] and the consonant sequences [jt jɾ jz bj]. All nonsense words were read seven times in the carrier sentence 'sap__poc' 'he/she knows__ a little' by a native speaker of Eastern Catalan of 62 years of age. Spectral data for a single speaker may seem not to be representative enough of the entire speakers' population. The fact is however that this speaker's F2 trajectories and vowel frequency values for VC sequences with palatal consonants are highly consistent across vowel conditions and with the principles of the acoustic theory of speech production, and thus ought to be in close agreement with those for other subjects.
The vowels [e ɛ a ɔ o] and the consonants [ʎ ɲ j ʃ] occur in the Eastern Catalan dialect. The voiced palatal stop [ɟ] was produced by imitation of Majorcan Catalan where [c] and [ɟ] are systematic allophones of the phonemes /k/ and /g/, respectively. Acoustic recordings were made with a Shure SM48 microphone and a PreSonus Audio Box 22VSL external sound card connected to a portable computer. The acoustic waveform was acquired at 22,050 Hz using the MultiSpeech program of Kay Pentax and downsampled to 11,025 Hz for spectrographic and spectral analysis. Vowel onset was identified at the onset of the vowel formants, and vowel offset at the boundary between the offset of vowel formant structure and the onset of the frication noise for [ʃ] or the stop closure for [ð] , and at an intensity and spectral discontinuity whenever the vowel was followed by the sonorants [ʎ ɲ j]. LPC F2 trajectories were obtained during the entire vowel portion for all recorded sequences using a 25 ms full-Hamming window and 14 coefficients, and overlaid for cross-token averaging taking the vowel midpoint as reference.
Results

2.6.1
Vowel assimilation 2.6.1.1 Vowel-dependent differences. Figure 2 plots cross-consonantal assimilation percentages for each vowel and language and across languages (top graph in the figure) , and the corresponding number of assimilation cases over the total number of observations (bottom table) .
According to the figure, cross-language inflection percentages decrease with the target vowel in the progression [ɛ] In most cases vowels have been found to differ among themselves regarding the degree to which assimilation occurs and the typology of the consonant-dependent assimilatory effects in ways which are largely consistent with our initial predictions made in Section 2.4. 
Acoustic data
The goal of this section is to gain some understanding about the relationship between the major vowel raising patterns described in Section 2.6.1 and the typology and prominence of the phonetic coarticulatory effects exerted by palatal consonants on vowels. As pointed out in Section 2.4 , this relationship ought to hold mostly for F2 since this formant frequency is known to increase with tongue dorsum raising for low and front vowels in the progression [bj] . It is thus the case that, to a large extent, F2 increases as the degree of gestural independence between C1 and C2 increases and dorsopalatal contact for C2 decreases. Among simple palatals, on the other hand, the vowel F2 is consistently higher next to contextual consonants showing greater dorsopalatal contact ([ɟ ɲ j]) than to those exhibiting less contact ([ʎ ʃ]).
These F2 coarticulatory effects are partly in agreement with the vowel assimilatory patterns described in Section 2.3 . (ii) Let us now turn to the front vowels [e ɛ]. In comparison to the other vowels, [e] shows a smaller F2 frequency distance between consonant sequences and single palatals, and thus less C-to-V coarticulation. Less context-dependent F2 frequency dispersion for this than other vowels (see Figure 5 ) is consistent with [e] being highly reluctant to undergo assimilatory raising. The consonantal coarticulatory effects could account perhaps for why [ʎ] or [ɲ] , which cause both [e ɛ] to exhibit a relatively low F2, may disfavor the raising of [ɛ] but not for why they may favor the raising of [e] (Section 2.6.1.2 and Appendix 1 and 3). The sequence [bj] , which may trigger [e] raising, causes the vowel to exhibit a relatively high F2. (iii) Regarding back rounded vowels, the coarticulatory data appear to be largely in agreement with [o] raising taking place before single palatals rather than before consonant sequences given that the vowel F2 frequency is lower in the former contextual condition than in the latter. However, contrary to the relation between C-to-V coarticulatory effects and the vowel assimilation data referred to in Section 2.6. 
Italian and Romansh
Mid and low vowel assimilation before single palatal consonants may also occur in Italian and Romansh, albeit to a lesser extent than in the languages reviewed in Section 2. Italian shows no [a] raising cases before the contextual consonants of interest (faggio FAGEU 'beech' , fascio FASCE 'sheaf ' , rabbia RABIE 'rage'). LACTE 'milk' , Ligurian ègua ACQUA 'water'). Moreover, in contrast with the scenario for Early Romance described in Section 2.6.1.2, low vowel raising has also operated before simple palatals perhaps since, as suggested by the shifting of [a] to [ɛ] [ˈtøsi]TOXICU 'poisonous' , and [søɲ] SOMNIU 'dream' , Ligurian, Piedmontese [ˈtɾøja] TROIA 'sow' , Piedmontese [nøtʃ] NOCTE 'night'). The fact that this diphthongization process has not operated on [ɛ] and [ɔ] in other segmental context conditions in some of the Northern Italian dialects of interest suggests that mid low vowel diphthongization was indeed triggered by the following palatal consonant and therefore did not occur spontaneously.
In Romansh dialects, i.e. Surselvan, Sutselvan, Surmeiran, and Engadinian (Caduff 1952 , Lutta 1923 , Pult 1897 , Luzi 1904 
Discussion and conclusions
This study provides some support for the view that vowel assimilation as a function of palatal consonants is positively associated with the prominence of the coarticulatory effects in tongue dorsum height and in F2 frequency exerted by the consonant on the vowel. Low [a] , mid high back [o] , and even mid low [ɛ ɔ] have been found to undergo assimilation more often than mid front [e] apparently because they exhibit more articulatory/acoustic space for the implementation of the consonant-induced tongue dorsum raising gesture. The latter vowel shows few assimilation cases presumably since it allows F2 coarticulatory effects of little salience as a function of the following palatal consonant.
The present data interpretation differs in important respects from Menéndez Pidal's account of vowel inflection by palatal consonants in Old Spanish (Menéndez Pidal 1968: 49) . I believe that Menéndez Pidal was right in attributing the small number of [e] assimilations to the articulatory affinity between this vowel and palatal consonants. However, I do not think that vowel raising occurred more often in the case of [a] than of [o] because the articulatory configuration for the low vowel happens to be more distant from that of the consonant (see Pensado 1985 for a similar view), and that these vowel-dependent differences in frequency of assimilation should be indicative of the fact that vowel inflection occurred later for [a] than for [o] . As shown in Sections 2.4 and 2.6.1.1, the acoustic distance between [a] and [o] and palatal consonants is even larger for [o] than for [a], regressive assimilation took place about 40-50% of the time for both [a] and [o] in Early Romance, and the assimilatory patterns for the two vowels appear to conform to articulatory factors to a large extent. Indeed, assimilatory trends and coarticulatory effects appear to be mostly favored by gestural independence between C1 and C2 in consonant sequences with [j] in the case of [a] , and by single palatals in the case of [o] . The presence of a higher F2 for consonant sequences with [j] than for single palatals during the two vowels is in agreement with vowel raising occurring most often before the former in the case of [a] and before the latter in the case of [o] .
It should be pointed out however that the raising action of Other relevant aspects regarding vowel assimilation appear also to be in line with the C-to-V coarticulation patterns both in the case of simple palatals (i) and of consonant sequences (ii).
(i) Regarding simple palatals, an important prediction was that vowel raising should be more prone to occur before consonants showing more vs. less dorsopalatal contact and triggering a higher vs. lower vowel F2, and thus that it ought to vary with the following consonant in the progression The reluctance on the part of [c] to induce changes in the preceding low or mid vowel may be related to the fact that, whether realized as a palatal stop or as [ts] , the consonant was too anterior in Early Romance to cause the preceding vowel to raise. This articulatory characteristic could account for why, when occurring in this consonant environment, mid and low vowels did not shift to a high and mid vowel, respectively (Fr. pièce, nièce 'niece' , face FACIE 'face' , place PLATEA 'square' , paresse PIGRITIA 'laziness' , Sp. amenaza MINACIA 'menace' , maleza MALITIA 'weeds'), and also why [ɛ ɔ] diphthongized instead of becoming [e o] in Spanish (fuerza FORTIA 'force' , pieza PETTIA 'piece').
Other vowel assimilation trends for VC sequences with simple palatals do not clearly agree with the F2 coarticulation data and thus with our initial prediction. Thus, while [o] The articulation-based approach taken in the present study complements previous accounts proposed in the literature based on chronological, etymological, analogical, or phonological factors. Thus, as argued earlier in this section, the fact that vowel raising applied to a greater or lesser extent in Early Romance does not seem to depend necessarily on whether the palatal consonant was preceded by an onglide for a longer or shorter period of time among other things because there is no reason to suppose that a [j]-like segment was ever preposed to consonantal realizations such as [ʎ ɲ c ɟ]. Also, vowel raising failed to operate before [ʎ ɲ] in French not necessarily because the vowel was situated in a closed syllable (see Section 1.2 ), but since these consonants, mostly [ʎ], did not have enough coarticulatory strength to trigger the change. Indeed, in this language, assimilation also took place before [jC] [bj] may not be related to syllable structure either, namely, to the fact that the vowel was checked by a geminate stop in the former case and by a syllable-final labial stop in the latter. Assuming that all those sequences were realized as anterior palatal stops or as affricates at the time that inflection took place, the process in question may have failed to occur because the contextual consonants in question were too anterior and did not have enough dorsopalatal contact.
The findings reported in this paper are relevant to the theoretical aspects about sound change referred to in Section 1.1. A major conclusion is that, as shown in other studies, the analysis of phonetic detail is crucial for achieving a proper understanding of the causes of sound change or at least for formulating appropriate hypotheses for their identification and subsequent evaluation. Along these lines the implementation of a good number of vowel assimilation processes described in the present paper appears to depend on the size of the C-to-V coarticulatory effects such that the larger the effect, the higher the chances that the assimilatory process will take place. This regularity may also account for why to a large extent the probability that vowels of different qualities undergo assimilation tends to increase with the articulatory and acoustic distance that these vowels show with respect to the contextual palatal consonant. Another illustrative case is that of [a] assimilation, which applies most frequently before [jC] sequences (mostly [jɾ] ) and least often before [ʎ ɲ], in line with context-dependent differences in F2 frequency and tongue dorsum raising during the vowel.
As pointed out in the Introduction, hypocorrection may explain why prominent anticipatory effects such as those exerted by palatal consonant on preceding low and mid vowels may be categorized as a higher vowel by listeners. In Early Romance, this assimilatory change took place at a time in which palatal consonants were being formed and becoming fully integrated in the phonological system of the language. Following current approaches to the study of sound change there may have been an element of surprise involved in this assimilatory change and the prominence of the acoustic cues for the palatal consonants in question may have also contributed to its implementation (Hume & Mailhot 2013 ; Section 1.1 ). This possibility could also account for why the vowel shifts of interest operated on commonly used words but did not extend to other contextual conditions in other words of the language.
Summary
This study has adduced some evidence in support of the relation between anticipatory coarticulation and vowel raising/fronting assimilation and diphthongization in VC sequences with palatal consonants and [j] + dentoalveolar consonant sequences in Early Romance. To a large extent descriptive data on the assimilatory phenomena of interest appear to be in agreement with differences in F2 height during the vowel and in closure fronting, dorsopalatal contact, and gestural independence among the contextual consonantal segments subject to analysis. Several findings are consistent with the initial hypothesis that the chances that vowel assimilation applies are directly conditioned by the nature and size of the related C-to-V coarticulatory effects. For example, as expected, [a] raising turns out to occur most frequently before [j] + dentoalveolar sequences and before palatals involving maximal dorsal contact, while [o] raising is most prone to take place in the latter contextual condition. Additional explanations have been proposed in order to account for the coarticulatory and assimilatory behavior of specific VC sequences such as those with [c] and [bj] .
The phonetic account of vowel assimilation reported in the present investigation supports the notion that phonetic detail should contribute to improve our knowledge about the strategies used by listeners for the phonemic categorization of segmental coarticulatory effects, and complements other explanatory proposals for vowel inflection by palatal consonants in Early Romance based on syllabification, chronological, and etymological factors.
Further work should involve the statistical quantification of more extensive lexical and acoustic databases than those used in the present study and a more thorough investigation of whether the frequency load of the different palatal consonants across the lexicon may have had any relevant effect on regressive vowel assimilation in the Romance languages. 
Mid high [e] (Ē, Ĭ) and [o] (Ō, Ǔ)
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